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PROBLEM TO BE SOLVED: To provide a new method for producing an indole derivative. SOLUTION: The 
method for the production of an indole derivative comprises the cyclization of a p-nitrostyrene derivative having at 
least one non-substituted ortho-site under reducing condition. The cyclization is carried out in a CO- containing 
gaseous atmosphere in the presence of a catalyst composed of a group VIII metal of the periodic table. 
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* NOTICES * 

JPO and NCI FX are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The manufacture approach of indole derivatives characterized by one [ at least ] ortho position 
cyclizing non-permuted beta-nitro styrene derivative under a reduction condition. 
[Claim 2] General formula (I) 
[Formula 1] 

X4 

Rl and R2 become independent respectively among [type. A hydrogen atom, the alkyl group of C 1-6, (Cl- 
4 alkoxy) A carbonyl group or the phenyl group which may be permuted (however, a substituent is chosen 
from a halogen atom, the alkyl group of C 1-6, the alkoxy group of C 1-6, or a cyano group.) expressing, 
XI, X2, X3, and X4 express respectively independently a hydrogen atom, a fluorine atom, a chlorine atom, 
a methyl group, or a methoxy group. ] The general formula characterized by coming out and cyclizing beta- 
nitro styrene derivative expressed under a reduction condition (II) 
[Formula 2] 




Rl, R2, XI, X2, X3, and X4 express the same semantics as the above among [type. ] The manufacture 

approach of indole derivatives come out of and expressed, 

[Claim 3] The manufacture approach of indole derivatives according to claim 2 that X2 and X4 are 
hydrogen atoms. 

[Claim 4] reduction conditions ~ the [ bottom of carbon monoxide content gas ambient atmosphere, and 
periodic table ] — the manufacture approach of the indole derivatives according to claim 1, 2, or 3 
characterized by being a thing using a VIII group's metal catalyst. 

[Claim 5] The manufacture approach of indole derivatives according to claim 4 that periodic-table metal of 
the 8th group catalysts are one or more sorts of metal catalysts chosen from iron, cobalt, nickel, a ruthenium, 
a rhodium, palladium, and platinum. 

[Claim 6] The manufacture approach of the indole derivatives according to claim 5 characterized by being 
the metal catalyst as which the periodic-table metal of the 8th group catalyst was chosen from iron, cobalt, 
the ruthenium, and the rhodium. 

[Claim 7] The manufacture approach of indole derivatives according to claim 4, 5, or 6 that a periodic table 
metal of the 8th group catalyst is characterized by being a complex compound catalyst. 
[Claim 8] The manufacture approach given in claims 4, 5, 6, or 7 characterized by adding a ligand in 
addition to a periodic table metal of the 8th group catalyst. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the new method of manufacturing indole derivatives. 
[0002] 

[Description of the Prior Art] Conventionally, indole derivatives are compound groups useful as 
intermediate field of fine chemicals including the compound which has bioactive, such as medical drugs and 
agricultural chemicals which the natural product origin is begun, and many compounds are known, for 
example, are indicated by JP,2001-187786,A etc., and many classes are known including the thing of the 
natural product origin fi"om the former. And the following approaches are typically leamed as a synthesis 
method of indole derivatives. 

(1) How (J. O.C., 38 volumes, 3004 pages, 1973) to cyclize o and omega-dinitro styrene derivative under a 
catalytic reduction condition, and to obtain Indore 

(2) How (J. O.C., 30 volumes, 3604 pages, 1965) to obtain Indore for o-nitro styrene derivative in reduction 
using trivalent Lynn 

(3) How (J. C.S.Chem.Commun., 82 pages, 1981 and J.O.C., 59 volumes, 3375 pages, 1994) to use 
transition metal catalysts, such as a rhodium, for the bottom of carbon monoxide existence, to cyclize o-nitro 
styrene derivative in reduction, and to obtain Indore 

(4) How (J. Am.Chem.Soc, 98 volumes, 2674 pages, 1976) to cyclize o-allyl compound aniline using a 
palladium catalyst, and to obtain Indore 

(5) How (Org.Synthsis.CoU.Vol. 3,597 page, 1955) to process o-methyl acetanilide at an elevated 
temperature under strong base existence (sodium amide etc.), and to obtain Indore 

(6) How (European Patent (EP) No. 69242 official report) to make an aniline react to the bottom of the 
catalyst existence of a silver system with ethylene glycol, and to obtain Indore 

(7) How (the Hungary patent. No. 16,696 official report (1979)) to make an alkyl aniline derivative react 
using solid-state catalysts, such as a silica and an alumina, and to obtain Indore 

(8) The methods of processing beta-azide styrene and a horse mackerel phosphorus derivative at an elevated 
temperature, and obtaining Indore (Tetrahedron.Lett., 3499 pages, 1968, Chem.Commun., 1565 pages, 
1970, etc.) 

[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the synthetic approach 
with nearby versatility higher than the synthetic means known conventionally which was new and was 
excellent. [ of indole derivatives ] 
[0004] 

[Means for Solving the Problem] this invention persons scrutinized the new synthetic path of indole 

derivatives thoroughly that the above-mentioned technical problem should be solved. 

[0005] Consequently, it came to complete a header and this invention for the target indole derivatives being 

obtained with comparatively good yield by processing compoundable beta-nitro styrene derivative easily 

with various means under the reduction condition represented with the bottom of a carbon monoxide content 

gas ambient atmosphere at the approach using a periodic table metal of the 8th group catalyst. 

[0006] That is, this invention is the manufacture approach of indole derivatives characterized by one [ at 

least ] ortho position cyclizing non-permuted beta-nitro styrene derivative under a reduction condition as the 

1st viewpoint. 

[0007] As the 2nd viewpoint, it is a degree type (I). 
[0008] 
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[0009] Rl and R2 become independent respectively among [type. A hydrogen atom, the alkyl group of C 1- 
6, (CI -4 alkoxy) A carbonyl group or the phenyl group which may be permuted (however, a substituent is. 
chosen from a halogen atom, the alkyl group of C 1 -6, the alkoxy group of C 1 -6, or a cyano group.) 
expressing, XI, X2, X3, and X4 express respectively independently a hydrogen atom, a fluorine atom, a 
chlorine atom, a methyl group, or a methoxy group. ] The general formula characterized by coming out and 
cycHzing beta-nitro styrene derivative expressed under a reduction condition (II) 
[0010] 
[Formula 4] 



[001 1] Rl, R2, XI, X2, X3, and X4 express the same semantics as the above among [type. ] The 
manufacture approach of indole derivatives come out of and expressed. 

[0012] The manufacture approach of indole derivatives given in the 2nd viewpoint X2 and whose X4 are 
hydrogen atoms as the 3rd viewpoint. 

[0013] as the 4th viewpoint ~ reduction conditions — the [ bottom of carbon monoxide content gas ambient 
atmosphere, and periodic table ] ~ the manufacture approach of indole derivatives given in the 1 st 
viewpoint, the 2nd viewpoint, or the 3rd viewpoint characterized by being a thing using a VIII group's metal 
catalyst. 

[0014] The manufacture approach of indole derivatives given in the 4th viewpoint whose periodic-table 
metal of the 8th group catalysts are one or more sorts of metal catalysts chosen from iron, cobalt, nickel, a 
ruthenium, a rhodium, palladium, and platinum as the 5th viewpoint. 

[001 5] The manufacture approach of indole derivatives given in the 5th viewpoint characterized by being 
the metal catalyst as which the periodic-table metal of the 8th group catalyst was chosen from iron, cobalt, 
the ruthenium, and the rhodium as the 6th viewpoint. 

[0016] The manufacture approach of indole derivatives given in the 4th viewpoint, the 5th viewpoint, or the 
6th viewpoint that a periodic table metal of the 8th group catalyst is characterized by being a complex 
compound catalyst as the 7th viewpoint. 

[0017] The manufacture approach given in the 4th viewpoint and the 5th viewpoint which are characterized 
by adding a ligand as the 8th viewpoint in addition to a periodic table metal of the 8th group catalyst, the 6th 
viewpoint, or the 7th viewpoint. 
[0018] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. 

[0019] the bottom of the gas ambient atmosphere which contains a carbon monoxide or it as reduction 
conditions used by this invention — the [ periodic table ] — the method of obtaining Indore using a VIII 
group's metal catalyst is desirable. 

[0020] Moreover, beta-nitro styrene derivative which is an important intermediate product which obtains the 
indole derivatives of this invention J. by the approach indicated by Chem.Soc, 3531 (1954), J.Org.Chem., 
15 and 8 (1950) or Bull.SocChim.Fr., 884 (1949), etc. For example, as shown in the following scheme 1, it 
can obtain easily by making a corresponding aromatic series carbonyl compound available comparatively 
cheaply and nitroalkanes react to the bottom of base existence. 
[0021] 
[Formula 5] 



[0022] Although the aforementioned beta-nitro styrene derivative is usually obtained with the mixture of the 
stereoisomer of E-object and Z-object in many cases, it can also isolate the compound of a single stereo by 
purification. However, since the indole derivatives made into the same purpose are obtained even if it uses 
which compound or mixture, it shall write without distinguishing a stereo and all shall express the raw 
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material of this reaction especially with this invention, 

[0023] Below, this invention is explained further at a detail. 

[0024] A carbon number expresses the semantics of that of 1 to n as that of Cl-n. 

[0025] The substituents Rl and R2 in beta-nitro styrene derivative expressed with a general formula (I) and 
the indole derivatives expressed with a general formula (II) express a hydrogen atom or the alkyl group of C 
1-6. 

[0026] As an alkyl group of C 1-6, a methyl group, an ethyl group, n-propyl group, i-propyl group, n-butyl, 
i-butyl, s-butyl, t-butyl, n-pentyl radical, i-amyl group, a sec-amyl group, a tert-amyl group, a neopentyl 
radical, a cyclopentylic group, n-hexyl group, a cyclohexyl radical, etc. are mentioned as a straight chain, 
branching, and an annulfU" alkyl group. 

[0027] (CI -4 alkoxy) As a carbonyl group, a methoxycarbonyl group, an ethoxycarbonyl radical, n- 
propyloxy carbonyl group, i-propyloxy carbonyl group, n-butoxycarbonyl radical, a sec-butoxycarbonyl 
radical, a tert-butoxycarbonyl radical, etc. are mentioned. 

[0028] As a phenyl group which may be permuted, a phenyl group, 2-fluoro phenyl group, 3-fluoro phenyl 
group, 4-fluoro phenyl group, 2-chlorophenyl radical, A 3-chlorophenyl radical, 4-chlorophenyl radical, 2- 
BUROMO phenyl group, 3-BUROMO phenyl group, 4-BUROMO phenyl group, 4-iodine phenyl group, 2, 
4-dichlorophenyl radical, 3, 4-dichlorophenyl radical, 2, a 6-difluoro phenyl group, 2, 6-dichlorophenyl 
radical, a 2-fluoro-4-chlorophenyl radical, 2, 3, 4, 5, 6-pentafluorophenyl radical, 2-cyanophenyl radical, 3- 
cyanophenyl radical, 4-cyanophenyl radical, 2-methylphenyl radical, 3-methylphenyl radical, 4- 
methylphenyl radical, 2, 5-dimethylphenyl radical, 4-methyl - 2, 3, 5, 6-tetrafluoro phenyl group, 2- 
methoxypheny radical, 3-methoxypheny radical, 4-methoxypheny radical, 2, 6-dimethoxy phenyl group, 3, 
4-dimethoxy phenyl group, 3 and 4, 5-trimethoxyphenyl radical, a 2-chloro-4-methylphenyl radical, a 3- 
BUROMO-5 -methylphenyl radical, a 2-methyl-5-fluoro phenyl group, a 2-chloro-3-cyanophenyl radical, 
etc. are mentioned. 

[0029] Although a hydrogen atom, a methyl group, or an ethyl group is independently desirable respectively 
as Rl and R2 when a raw material situation and composite simplicity are taken into consideration about the 
above-mentioned substituent, especially a hydrogen atom or a methyl group is desirable. 
[0030] Moreover, as each substituent of XI, X2, X3, and X4, it becomes independent respectively, a 
hydrogen atom, a fluorine atom, a chlorine atom, a methyl group, or a methoxy group is desirable, a point to 
the hydrogen atom, fluorine atom, or chlorine atom of acquisition of a permutation benzene derivative or a 
composite ease is still more desirable, and a hydrogen atom or a fluorine atom is desirable especially. 
[0031] Moreover, since the structure of a ring metaplasia product is uniquely determined [ when X2 and X4 
are hydrogen atoms, or ] even when it has the same substituent from the main point and usefulness of ring 
closure of this invention, and XI is a hydrogen atom, especially the case where the target indole derivatives 
are the compounds written by the combination of this substituent is desirable. 
[0032] Hereafter, the reaction of this invention is further stated to a detail. 

[0033] as the metal catalyst which can be used for this invention — the [ periodic-table ] — a VIII group's 
metal catalyst is desirable and the metal catalyst chosen from iron, cobalt, nickel, a ruthenium, a rhodium, 
palladium, and platinum especially can be used. 

[0034] The example of the catalyst which can be used for this reaction is shown below. 
[0035] As an iron catalyst, Raney iron or pentacarbonyliron, ENIA carbonyl 2 iron, Dodecacarbonyl 3 iron, 
dichlorobis (triphenyl phosphine) iron, Tetra-carbonyl (triphenyl phosphine) iron, tricarbonyl bis(triphenyl 
phosphine) iron, Cyclopentadienyl dicarbonyl iron sodium, a cyclopentadienyl dicarbonyl iron dimer, A 
pentamethylcyclopentadienyl dicarbonyl iron dimer, cyclopentadiene tricarbonyl iron, Cyclohexadiene 
tricarbonyl iron, butadiene tricarbonyl iron, Tetra-carbonyl ferric acid sodivim, bis(cyclopentadienyl) iron 
(ferrocene), Salts, such as a complex compound catalyst of bis(tetramethylcyclopentadienyl) iron, bis 
(methylcyclopentadienyl) iron (1 and I'-dimethyl ferrocene), an acetyl ferrocene, acetylacetonate iron, etc., 
iron acetate, ferric chloride, and iron bromide, are mentioned. 

[0036] As a cobalt catalyst, the complex compound catalyst of Raney cobalt or OKUTA carbonyl 2 cobalt, 
dodeca cull BONIRUTORI cobalt, hydride tetra-carbonyl cobalt, cyclopentadienyl dicarbonyl cobalt, chloro 
tris (triphenyl phosphine) cobalt, Cobalt Seng, etc. is mentioned. 

[0037] As a nickel catalyst, the complex compound catalyst of solid-states, such as a Raney nickel catalyst, 
a nickel support silica, a nickel support alumina, and nickel support carbon, and a support catalyst, nickel 
tetracarbonyl, dichlorobis (triphenyl phosphine) nickel, tetrakis (triphenyl phosphine) nickel, tetrakis 
(triphenyl FOSU fight) nickel, etc. or a nickel chloride, nickel oxide, etc. are mentioned. 
[0038] As a ruthenium catalyst, a ruthenium support silica, a ruthenium support alumina. Support catalysts. 
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such as ruthenium support carbon, a PENTA carbonyl ruthenium, dodecacarbonyl triruthenium, Tetra- 
hydride dodecacarbonyl 4 ruthenium, a dihydrido (dinitrogen) tris (triphenyl phosphine) ruthenium, A 
dicarbonyl tris (triphenyl phosphine) ruthenium, a tetra-carbonyl (trimethyl HOSUFITTO) ruthenium, A 
pentakis (trimethyl HOSUFITTO) ruthenium, a tris (acetylacetonate) ruthenixim, A JIASETATO dicarbonyl 
bis( triphenyl phosphine) ruthenium, A dichlorobis (chloro tricarbonyl) ruthenium, a carbonyl chloro hydride 
tris (triphenyl phosphine) ruthenium, A tetra-hydride tris (triphenyl phosphine) ruthenium, an ASETATO 
hydride tris (triphenyl phosphine) ruthenium, A dichlorobis (acetonitrile) bis(triphenyl phosphine) 
ruthenium, RUTENOSEN, a bis(pentamethylcyclopentadienyl) ruthenium, A dichloro 
(pentamethylcyclopentadienyl) ruthenium, a chloro (cyclopentadienyl) bis(triphenyl phosphine) ruthenium, 
A hydride (cyclopentadienyl) bis(triphenyl phosphine) ruthenium, A chloro carbonyl (cyclopentadienyl) 
ruthenium, a hydride (cyclopentadienyl) (1, S-cyclo-octadiene) ruthenium, A chloro (cyclopentadienyl) (1, 
5-cyclo-octadiene) ruthenium, A dihydrido tetrakis (triphenyl phosphine) ruthenium, a cyclooctatriene 
(cyclo-octadiene) ruthenium, A chloro hydride tris (triphenyl phosphine) ruthenium, a tricarbonyl bis 
(triphenyl phosphine) ruthenium, A tricarbonyl (cyclo-octatriene) ruthenium, a tricarbonyl (1, 5-cyclo- 
octadiene) ruthenium, Complex compound catalysts, such as a dichloro tris (triphenyl phosphine) 
ruthenium, or ruthenium chloride, ruthenium oxide, ruthenium black, etc. are mentioned. 
[0039] As a palladium catalyst, Raney palladium, a palladium support silica catalyst, A palladium support 
alumina catalyst, a palladium support carbon catalyst, a palladium support barium-sulfate catalyst, A solid- 
state or support catalysts, such as a palladium support zeolite catalyst and a palladium support silica-alumina 
catalyst, Dichlorobis (triphenyl phosphine) palladium, dichlorobis (trimethyl phosphine) palladium, 
Dichlorobis (tributyl phosphine) palladium, bis(tri-cyclohexyl phosphine) palladium, Tetrakis (triethyl 
phosphite) palladium, bis(cyclo OKUTA -1, 5-diene) palladium, Tetrakis (triphenyl phosphine) palladium, 
dicarbonyl bis(triphenyl phosphine) palladium, Complex compound catalysts, such as carbonyl tris 
(triphenyl phosphine) palladium, dichlorobis (benzonitrile) palladium, and dichloro (1, 5-cyclo-octadiene) 
palladium, or a palladium chloride, acetic-acid palladium, oxidization palladium, etc. are mentioned. 
[0040] As a rhodium catalyst, a rhodium support silica catalyst, a rhodium support alumina catalyst. Support 
catalysts, such as a rhodium support carbon catalyst, a chloro tris (triphenyl phosphine) rhodium, 
Hexadecacarbonyl 6 rhodium, dodecacarbonyl 4 rhodium, dichloro tetra-carbonyl 2 rhodium, Hydride tetra- 
rhodium carbonyl, a hydride carbonyl tris (triphenyl phosphine) rhodium, A hydride tetrakis (triphenyl 
phosphine) rhodium, dichlorobis (cyclo-octadiene) 2 rhodium. Complex compound catalysts, such as a 
dicarbonyl (pentamethylcyclopentadienyl) rhodium, a cyclopentadienyl bis(triphenyl phosphine) rhodium, 
and dichloro tetrakis (allyl compound) 2 rhodium, or a rhodium chloride, an oxidization rhodium, etc. are 
mentioned. 

[0041] As a platinum catalyst, support catalysts, such as a platinum support silica catalyst, a platinum 
support alumina catalyst, and a platinum support carbon catalyst, Dichlorobis (triphenyl phosphine) 
platinum, dichlorobis (trimethyl phosphine) platinum, Dichlorobis (tributyl phosphine) platinum, tetrakis 
(triphenyl phosphine) platinum, Tetrakis (triphenyl phosphite) platinum, tris (triphenyl phosphine) platinum, 
Dicarbonyl bis(triphenyl phosphine) platinum, carbonyl tris (triphenyl phosphine) platinum, The complex 
compound catalyst of cis-bis(benzonitrile) dichloro platinum, bis(l, 5-cyclo-octadiene) platinum, etc. or a 
platinum chloride, oxidization platinum (Adams catalyst), platinum black, etc. are mentioned. 
[0042] In these, as a metal kind, the catalyst of iron, cobalt, a ruthenium, and a rhodium is desirable, and a 
complex compound catalyst can use it suitably as a catalyst gestalt. 
[0043] Moreover, a catalyst can be used independently, combining, 

[0044] the [ periodic-table ] — as the amount of the VIII group catalyst used — beta-nitro styrene derivative 
of a general formula (I) — receiving — usually — the 0.0001 - 20-mol range of % — the 0.001 - ten-mol range 
of % is preferably good. 

[0045] A ligand can also be added if needed for the above-mentioned catalyst. As a ligand, for example, a 
trimethyl phosphine, a triethyl phosphine, Tributyl phosphine, triphenyl phosphine, a tris (PARATORIRU) 
phosphine, A tris (2, 6-dimethylphenyl) phosphine, diphenyl phosphinobenzene-3-sulfonic-acid sodium. Bis 
(3-sulfonate phenyl) phosphinobenzene sodium salt, 1, 2-bis(diphenyl phosphino) ethane, 1, a 3-bis 
(diphenyl phosphino) propane. The 3rd class phosphines of single seats, such as 1, 4-bis(diphenyl 
phosphino) butane, and tris (3-sulfonate phenyl) phosphine sodium salt, and many seats Triethyl phosphite, 
tributyl phosphite, triphenyl phosphite. Phosphite, such as tris (2, 6-dimethylphenyl) phosphite 
Triphenylmethyl phosphonium iodide, triphenylmethyl phosphonium bromide, Triphenylmethyl 
phosphonium chloride, triphenyl allyl compound phosphonium iodide, Triphenyl allyl compound 
phosphonium bromide, triphenyl allyl compound phosphonium chloride, Tetra-phenyl phosphonium iodide, 
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tetra-phenyl phosphonium bromide, Phosphonium salt, such as tetra-phenyl phosphonium chloride, 
triphenyl phosphate. Phosphoric ester, such as trimethyl phosphate, phosphoric-acid triethyl, and a 
phosphoric-acid triaryl Ketones, such as nitril, such as a benzonitrile and an acetonitrile, and an 
acetylacetone Dienes, such as cyclopentadiene, pentamethyl cyclopentadiene, 1, and 5-cyclo-octadiene 
Pyridine, 2-picoline, 3-picoline, 4-picoline, 2, and 2-bipyridyl, A TAPI lysine, 1, 1 0-phenanthroline, 8- 
hydroxyquinoline, A bis-oxazolinyl pyridine (Pybox), 1 , 4-dimethyl pyrazole. Nitrogen-containing 
heterocycle system ligands, such as 1, 3, a 5-trimethyl pyrazole, a pyrimidine, and pyrazine, The carbon 
monoxide of pie acid system ligands, such as maleic-acid dimethyl ester, dimethyl fumarate ester, 
phenylacetylene, and diphenyl acetylene, or a reaction controlled atmosphere etc. is mentioned. 
[0046] as the amount of the ligand used ~ the [ periodic table ] — a VIII group catalyst — receiving — usually 
— the 0.1-10000-mol range of % ~ the 1-5000-mol range of % is preferably good. 
[0047] Although approaches, such as carrying out as this reduction reaction using the approach of 
performing under a carbon monoxide ambient atmosphere or a carbon monoxide content gas ambient 
atmosphere, the approach of performing using hydrogen gas, and phosphorous acid triester, are mentioned, 
the approach of performing preferably under a carbon monoxide ambient atmosphere or a carbon monoxide 
content gas ambient atmosphere is mentioned. Moreover, by the approach using phosphorous acid triester, a 
catalyst is not necessarily needed. 

[0048] When using the gas containing a carbon monoxide or a carbon monoxide, as the carbon monoxide 
partial pressure, the pressure of 0.01-20MPa is industrially desirable practically 0.001 to 50 MPa. Moreover, 
if it does not participate in a reaction directly as dilution gas, various gas can be used, for example, in the 
case of carbon monoxide content gas, generally inert gas, such as nitrogen, an argon, and helium, is used, 
but even if it lives together in the systems of reaction, such as a carbon dioxide, it is usable also including 
satisfactory gas. When using these mixed gas, if there is a carbon monoxide partial pressure required for a 
reaction, it will be satisfactory, and it is desirable as the total pressure to react in the range of the pressure of 
0.05-30MPa preferably 0.01 to 50 MPa. 

[0049] In order to advance smoothly reactions including distribution and mixing of each agent used for a 
reaction, as for a reaction, it is desirable to carry out by diluting with a solvent. If it is a solvent inactive for 
this reaction as a solvent used for a reaction, there will be especially no limit. For example, diethylether, 
methyl-t-butyl ether, a tetrahydrofuran, Diethylether, dimethoxymethane, diethoxy methane, ethylene glycol 
wood ether, Ethylene glycol diethylether, ethylene glycol dibutyl ether, Diethylene-glycol wood ether, 
diethylene-glycol diethylether, Diethylene-glycol dibutyl ether, triethylene glycol wood ether, Ether, such as 
1,4-dioxane and an anisole, a methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, Isobutanol, 
2-methyl-2-propanol, methyl cellosolve, Ethylcellosolve, i-propyl cellosolve, the diethylene-glycol 
monomethyl ether, Diethylene glycol monoethyl ether, the diethylene-glycol monobutyl ether. Alcohols, 
such as a cyclohexanol and benzyl alcohol, an acetone, A methyl ethyl ketone, a diethyl ketone, 2- 
pentanone, methyl isobutyl ketone. Ketones, such as a cyclohexanone, a pentane, a hexane, a cyclohexane. 
Aliphatic hydrocarbon, such as a methylcyclohexane, a heptane, an octane, and Deccan Halogenated 
hydrocarbon, such as chloroform, a carbon tetrachloride, a dichloroethane, and tetrachloroethylene Benzene, 
toluene, a xylene, a chlorobenzene, o-dichlorobenzene. Aromatic hydrocarbon, such as m-dichlorobenzene, 
p-dichlorobenzene, a nitrobenzene, and tetrahydronaphthalene Nitril, such as an acetonitrile and 
propionitrile, methyl acetate, ethyl acetate. Ester, such as butyl acetate and ethyl propionate, N.N- 
dimethylformamide. Amides, such as N,N-dimethylacetamide and N-methyl pyrrolidone Pyridines or water, 
such as ureas, such as 1, 3 -dimethyl imidazolidinone, N and N, N*, and N'-tetramethylurea, a pyridine, 2- 
picoline, 3-picoline, 4-picoline, and 5-ethyl-2-picoline, is mentioned, these are independent — or it can be 
combined and used. 

[0050] This reaction can be performed in a broad temperature region. However, especially as a suitable 
temperature requirement at the time of taking into consideration the economical manufactures including the 
amount of the reaction agent used, it is usually desirable to carry out in 100-300 degrees C 50-400 degrees 
C. 

[005 1 ] Although reaction time changes with the amount of the agent to be used, concentration, reaction 
temperature, etc., it is usually desirable to set up conditions for 0.1 to 20 hours so that it may end in 0.5 - 10 
hours preferably. 

[0052] As a gestalt which carries out this reaction, it is desirable to use pressurization reaction containers, 
such as an autoclave. A reaction can be chosen with the concentration of the substrate which can carry out 
either a batch process or continuous system, and is called for by the reaction, an invert ratio, productivity, 
etc. 
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[0053] After reaction termination can refine and isolate the target indole derivatives by adding the solvent 
which distills off a solvent as occasion demands, obtains the direct specified substance by distillation 
continuously, or is not mixed with water and water to a rough reactant, and fully performing conventional 
method processing of distillation, a column chromatography, etc. from an organic layer after washing. 
[0054] 

[Example] Although an example is raised to below and this invention is further explained to it at a detail, 
this invention is not limited to these. 

[0055] manufacture nitroethane 60ml of an example of reference 1.4-(2-nitro propene-l-IRU)-l- 
fluorobenzene — 4-fluoro benzaldehyde 24. 8g (0.2 mols) and benzylamine 4.2g — in addition, it was made 
to react to the bottom of a reflux condition for 4 hours The 24.5g 4-(2-nitro propene-l-IRU)-l- 
fluorobenzene was obtained as a yellow crystal by carrying out distilling-off recovery under reduced 
pressure of superfluous nitroethane after a reaction, and recrystallizing residue using ethanol (it was checked 
as a result of IHNMR spectrum analysis that the number of stereos is E.). Yield: 67%. 
[0056] 4-((E)-2-nitro propene-l-IRU)-l-fluorobenzene 14g manufactured in the example 1 of manufacture 
reference of an example of reference 2.4-((Z)-2-nitro propene-l-IRU)-l-fluorobenzene was dissolved in the 
100ml acetonitrile. The high pressure mercury vapor lamp performed the optical exposure at the room 
temperature for 16 hours, leading nitrogen gas to this solution. Vacuum concentration of the reaction 
mixture was carried out, separation purification of the mixture of the E bodies and Z body which were 
obtained was carried out with the silica gel column chromatography (chloroform: hexane =2:1), and 6.76g 
of title compounds was obtained (as for the stereo, it was checked as a result of IHNMR spectrum analysis 
that Z body is 99.6%.). 

[0057] manufacture NIROTO ethane iOml of example of reference 3. (2-nitro propene-l-IRU) benzene — 
benzaldehyde 2.65g (0.025 mols) and benzylamine 0.53g — in addition, it was made to react to the bottom of 
a reflux condition for 8 hours 1 .45g benzene (2-nitro propene-l-IRU) was obtained as a yellow crystal by 
carrying out distilling-off recovery under reduced pressure of superfluous nitroethane after a reaction, and 
recrystallizing residue using ethanol. 

[0058] manufacture nitroethane 10ml of example of reference 4.1 -(2-nitro propene- 1 -IRU)-4- 
methoxybenzene — 4-methoxy benzaldehyde 3.40g (0.025 mols) and benzylamine 0.53g — in addition, it 
was made to react to the bottom of a reflux condition for 4 hours 1 .88g 1 -(2-nitro propene- l-IRU)-4- 
methoxybenzene was obtained as a yellow crystal by carrying out distilling-off recovery under reduced 
pressure of superfluous nitroethane after a reaction, and recrystallizing residue using ethanol. 
[0059] To the autoclave made fi-om stainless steel of 100ml of manufacture inner capacity of example 1 .6- 
fluoro-2-methylindole 1 -fluoro-4-(2-nitro propene-l-IRU) benzene 1.81g (10 millimol), 171mg [ of 
dicobaltooctacarbonyl catalysts ] (5.0-mol %) and 1,4-dioxane 40ml is taught. After the nitrogen of after that 
1 MPa permuted the inside of the system of reaction 5 times, the temperature up was carried out having 
carried out 4Mpa press fit and agitating carbon monoxide gas, and the reaction was performed at the 
temperature of 200 degrees C for 1 hour. As a result of analyzing by taking out reaction mixture after 
cooling, the 6-fluoro-2-methylindole made into the purpose as a product was obtained with 30.5% of yield. 
[0060] To the autoclave made fi-om stainless steel of 100ml of manufacture inner capacity of example 2.6- 
fluoro-2-methylindole 1 -fluoro-4-(2-nitro propene-l-IRU) benzene 1.81g (10 millimol), After it taught 
79mg [ of pentacarbonyliron catalysts ] (4.0-mol %), and pyridine 40ml and the nitrogen of after that IMPa 
permuted the inside of the system of reaction 5 times, the temperature up was carried out having carried out 
4Mpa press fit and agitating carbon monoxide gas, and the reaction was performed at the temperature of 220 
degrees C for 1 hour. As a result of analyzing by taking out reaction mixture after cooling, the 6-fluoro-2- 
methylindole made into the purpose as a product was obtained with 42% of yield. 

[0061] In the manufacture example 2 of example 3.6-fluoro-2-methylindole, except having replaced the 
catalyst to be used with 146mg (4.0-mol %) of ENIA carbonyl 2 iron catalysts, as a result of completely 
performing same actuation and analysis, the 6-fluoro-2-methylindole made into the purpose was obtained 
with 39% of yield. 

[0062] In the manufacture example 3 of example 4.6-fluoro-2-methylindole, except having replaced the 
catalyst to be used with 201 mg (4.0-mol %) of dodecacarbonyl 3 iron catalysts, as a result of completely 
performing same actuation and analysis, the 6-fluoro-2-methylindole made into the purpose was obtained 
with 38% of yield. 

[0063] In the manufacture example 2 of example 5.6-fluoro-2-methylindole, except having carried out 
144mg (8.0-mol %) addition of 1 and the 10-phenanthroline as a ligand at the system of reaction, as a result 
of completely performing the same actuation and processing, the 6-fluoro-2-methylindole made into the 
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purpose as a product was obtained with 61% of yield. 

In the manufacture example 2 of example 6.6-fluoro-2-methylindole, except having carried out 125mg (8.0- 
mol %) addition of the 2 and 2 -bipyridyl as a ligand at the system of reaction, as a result of completely 
performing the same actuation and processing, the 6-fluoro-2-methylindole made into the purpose as a 
product was obtained with 48% of yield. 

[0064] In the manufacture example 1 of example 7.6-fluoro-2-methylindole, except having replaced the 
catalyst to be used with 256mg (4.0-mol %) of dodecacarbonyl 3 ruthenium catalysts, and having replaced 
the solvent with toluene 40ml, as a result of completely performing the same actuation and processing, the 
6-fluoro-2-methylindole made into the purpose as a product was obtained with 26% of yield. 
[0065] In the manufacture example 7 of example 8.6-fluoro-2-methylindole, 1 and 10-phenanthroline 
144mg (8.0-mol %) were further added as a ligand to the system of reaction, and except having replaced the 
solvent with 1 ,4-dioxane 40ml, as a result of completely performing the same actuation and processing, the 
6-fluoro-2-methylindole made into the purpose as a product was obtained with 58% of yield. 
[0066] In the manufacture example 7 of example 9.6-fluoro-2-methylindole, except having replaced the 
catalyst to be used with 213mg (2.0-mol %) of hexadecacarbonyl 6 rhodium complex compound catalysts, 
as a result of completely performing the same actuation and processing, the 6-fluoro-2-metfiylindole made 
into the purpose as a product was obtained with 20% of yield. 

[0067] In the manufacture example 9 of example 10.6-fluoro-2-methylindole, except having replaced the 
catalyst to be used with 1 37mg (4.0-mol %) of OKUTA carbonyl 2 cobalt catalysts, as a result of completely 
performing the same actuation and processing, the 6-fluoro-2-methylindole made into the purpose as a 
product was obtained with 21% of yield. 

[0068] In the manufacture example 10 of example 11 .6-fluoro-2-methylindole, except having replaced the 
solvent to be used with pyridine 40ml, as a result of completely performing the same actuation and 
processing, the 6-fluoro-2-methylindole made into the purpose as a product was obtained with 29% of yield. 

[0069] In the example 12.4 and the manufacture example 2 of 6-difluoro Indore, the same reaction actuation 
and processing were completely performed except having replaced the raw material with 2 and 4-difluoro-l- 
(2-nitro vinyl) benzene 1.86g (10 millimol). Consequently, 4 and 6-difluoro Indore made into the purpose 
was obtained with 45% of yield. 

[0070] In the manufacture example 2 of example 13.2-methylindole, the same reaction actuation and 
processing were completely performed except having replaced the raw material with benzene (2-nitro 
propene-l-IRU) 1.63g (10 millimol). Consequently, 2-methylindole made into the purpose was obtained 
with 61% of yield. 

[0071] In the manufacture example 2 of example 14.6-methoxy Indore, the same reaction actuation and 
processing were completely performed except having replaced the raw material with 1 -methoxy-4-(2-nitro 
vinyl) benzene L79g (10 millimol). Consequently, 6-methoxy Indore made into the purpose was obtained 
with 57% of yield. 

[0072] In the manufacture example 2 of example 15.6-chloro-2-methylindole, the same reaction actuation 
and processing were completely performed except having replaced the raw material with 1 -chloro-4-(2-nitro 
propene-l-IRU) benzene 1.98g (10 millimol). Consequently, the 6-chloro-2-methylindole made into the 
purpose was obtained with 53% of yield. 

[0073] A table shows an example 15 thru/or the conditions of 38, and a result. However, about operating 
instructions, it applies to the above-mentioned example correspondingly altogether. All the amounts of a 
solvent are 30ml and the notation of front Naka expresses the following, respectively. 

I: l-fluoro-4- Benzene 0.543gII:l-methyl-4-(2-nitro propene-l-IRU) benzene 0.532gIII : (2-nitro propene-l- 
IRU) Benzene 0.489gIV:l-methoxy-4- (2-nitro propene-l-IRU) Benzene 0.580gV:l-chloro-4-(2-nitro 
propene-l-IRU) benzene 0.593gVI:4-fluoro-l -(2-nitro- 1-butene-l-IRU) benzene 0.585 gA:Fe (2-nitro 
propene-l-IRU) (CO) 5 pentacarbonyliron 23.5mgB:[CpFe (CO) 2] 2 42.5mga:l, 10-phenanthroline 1 
hydrate 47,6mgb:tetramethylethylenediamine 27.8mgc:maleic-acid methyl ester 54.7mgd : Fumaric-acid 
methyl ester 54.7mge: (Cyclopentadienyl dicarbonyl iron dimer) Phenylacetylene 49.0mgf: Triphenyl 
phosphine 251.8mg [the 1st table] 
[0074] 
[Formula 6] 
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[0075] 
[Table 1] 

Example Raw material Catalyst Ligand Solvent Temperature CO partial 

pressure Time amount Yield (degree C) (MPa) (h) (%) 16 I A - A pyridine 260 

1.5 1 19171 AaApyridine2004.5 1 4518 I Ab Pyridine 200 4. 5 1 3219 I B - Toluene 120 3 5 4720 I B - 
Toluene 120 5 56621 I B - Toluene 120 75 7722 I B - Toluene 90 5 53023 I B- Chlorobenzene 150 5 5 5424 
I B - 1,4-dioxane 150 5 1 1325 I B - Anisole 150 5 3 6726 I B- N-methyl pyrrolidone 150 3 7 1627 I B - 
Pyridine 150 3 7 3428 I B - Toluene 150 5 5 2429 I B c Toluene 120 5 7 6630 I B d Toluene 120 5 7 6631 I 
B e Toluene 120 55 6932 I B f Toluene 120 51 4633 II B- Toluene 120 55 6834 III B III B III B III B III B 
III B III B III B III B III B III B III B III B III B III B III B III B III B III B III B III B III B III B III B III B 
III B III B III B III B III B III B III B III B III B III B III B III B III B III B III B III B III B - III B Toluene 
150 5 3 3835IV B - Toluene 150 57 4136 V B - Toluene 120 5 3 6337 I* B- Toluene 120 5 5 7438 VI*2 B - 

Toluene 120 5 3 100 * :Z body * — by changing a raw material suitably in 

addition, 2:E bodies, also when either expresses at least the alkoxy carbonyl group or the phenyl group 
which may be permuted of C 1-6 among Rl and R2 The target indole derivatives can be manufactured by 
the example 1 thru/or the same actuation as 38. 
[0076] 

[Effect of the Invention] Indole derivatives are obtained with good yield by the approach of this invention at 
a comparatively mild reaction condition. The indole derivatives manufactured according to the manufacture 
approach of this invention are compound groups important as fme-chemicals intermediate fields, such as 
medical drugs and agricultural chemicals, and the use can expect them further from now on. 



[Translation done.] 
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;l/3j^'x;i/F y;UT'x>J;A. r-F^t: Fy K K'f':^:^;l/5jt' 
x;l.EH;i.'rx^ A. v^b F y F (z:^*) F yx ( F y 
:7xx;b^>^:7 ^ >) Jb-r^^i^ A, t^:^;U3if j:.;!/ h i; 
( h y:7xx;^^hx:7 ^b-rxti^A. F^i7;i/;J<^ 
( F y F) ;l/7^x»i;A. -^>^=^^ 

:^ ( F y^^;^^^x>' ^ F) ^u-tx^^a. f y;^ (r 
•fe^;l/T*fe F:^ F) >'l^f"x»i7A. >^r^2^ F S^:^7;U^'x 
( F y >'xx;i/^hx:7 >) ;l/rx«i7A, >?^p 
Pbrj:^ (^PP F y JU) ^l/T'Xi^A. ;<7;1/jJ<x 
;l/^PPb Fy F F yx ( F y :7 x ^ >) ;l/ 

'rx»^;A. 'f'F^t: Fy FFyx ( F y :7 xx;Ud>x:7 
;l.7"x«i;A. T-te^r FfcFy FFy:^ <Fy:7x 
x;U7}nX:7 >) ;U7^x»5A, i;^^PPtf:5; (T-feFx 
V y;u) b;jc ( F y ^xx;^;^x:7 ^ » jI't*x»:>a. 

t'x (■^>3?^^;i'>^:^p-^>^i^xx 
^H/T'^'i/A. ly^aa (^>^y ^ji/t/^p-^>$ 

;U'rx»i7A, i^pp (t^:i7n^>:$?>?xx 
trx ( F y *7x:=-;l/;t;x>' ^ >) ;l/r*x»i7A. tF 
yF (>'i'P^>:$?t;^xx;b) bX ( F y :7x-;l/;fxX 
:7 >) Jl^7^x«>A, i57PP:<7;UjJ<x;l/ (S^^p-x>5r 
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(1. 5 -e>^n:i-^5^:5?>^J^>) v'l^f'-'^^A, 
P (>'i5^P-^>3?v/xr.;l/) (1. 5 ->'^P5}-^:S?>^ 
x>) ^bT^-^-JA. S^fcFy F'r*h^+>^ ( hy:7xj:. 
;l/*X:7 ^ » )\^^z.^h.^ Z^^x2:t^ii F yx> (-> 
^n:t^^i^x>) ;Uf^::.»i7A. ^UPtFUFFUX 
( F U:7 ;UT':=-»i;A. F U/^^Ut^'^ 

;bt'X ( F >) FU:^ 

( 1 . 5 -V^ P:*- ^>>x>) 
A, ^^PP F y:^ ( F y ji:::.;!/*^:? ^ >) 

[0 0 3 9 ] ^^'yiy^AmmtLr^t. 'y^-^^'yV^ 
A. ^^•^i>*?A}I^$>-y;^ftB«. Affl^T^l' ^ 

A. ^tJ^PPtfx ( F y^?;U*i>^:7 

A. t/^ppfc'x ( F y:/5^>'U*^x>' >f >) >'^•^e;^^ 

A. b'X ( F y^'^P'^+>'>^U*iX:7 >f >) 
A. -f-F^+x ( F yxf-;l/7^x:7T>r F) /^^^i^"? 
A. fx (>^^P:t^3?-K 5 -5;^X>) ^A-^^?*? 
A. T-F^+X ( F y r7:i:j:.;l/;}^X:7 ^ >) J^'yiy^ 
A. s;^:^;;U7l<j::.;btrx ( h y :7 :c ^JU^^X ^ >) >'^•5 
^^^•^A. F y X ( F y :c ::i>ib*;X:7 >) 

>'N''5>^»5A. v^^PPh'X (■^>v^^ h y;l/) >^^•^>^»5' 

A. e^^PP(K 5 ->'^P:i-^^>?X>) 

A. M^(:>'^•^S^'>A^:;&i^Cf 6nSo 

[0 0 4 0 ] P>^»5AMI«<bL.rti. Ui>^Ammi^V 

PS^»i7AJi^T;u^:^tel!i®. Pi^':7Affl^^S 
fi!lS««cDtiJtM^«. ^PPhyx (Fy:7:cx;U7^x:7 
Ps;^'i;A. -^+iff^*r:^7;l'?J<x;i/7APS^«i;A. K 
'r:^:^7;l/*fx;UE9p>>t^A, PP-r F 
^p^-i/A. h Fy F-r F'7;^>'b*^^;VP>^*i;A. tF 
y F:<7;U*x;l/ F y X ( F y :7 x xjl/;^x :7 >) PS;^ 
•^A, b Fy Ff-h^+X ( h y:7:cx;b;^x:7 >) 
p^»^;A. v^^PPh'X (iy^UySr^ 
•i7A. >:/:^7;l/7j^'x;i/ (•-^>a?y ^;l/>/d7P--<>^>?xx 
;b) PS^'JA, i^i57p^>d?5^xx;l/bX (Fy:7xx 
;b<hx-7^» P5;^'i;A. ^^^^ppt-f^+x (ry 

[0 04 1 ] &^mtvxit. m^mnuvtffm. 

e^i57PPbX ( F y^^;U.1^X:7 ^ >) :P^PP 

trx ( F y ^ » e^. 7- F ( F y 



(5) #13 2002-241364 

8 

:7:cx;u^x:7 » F'7^^x ( F y:7xx;i/ 

jj^xr^T >r h) a^. Fyx ( F y >'xx;i.;^x:7^ 

>) ^:^JUd<x;l/ex ( F y :7 ^ 

» :;^;l/^x;UF yx ( F y xx;^;^x:7 

» a^. cis-b'x (^>:/x F y;v) t^^ppa 
Mi«s/c««{ba^. ®<ta^ (T^AxMi«) . a^ 
[0 04 2] cneocp-c. ^mmtLxitWi. n>^^'J^ 

[ 0 0 4 3 ] */c. fmftt$m^^fcim^^iix^m 

[0044] mmwmmvs.ijmmm<DmsMt Lxi^t. 
-Ms; (I) o/s-xFPx^u>^^mc>(*L-ca^ 

0. 00 0 1^-2 0 ^^U^CDiSH. »$L<J3:0. 0 0 

1- 10 ^)v%<Dmm'^mi\ 

[0045] ±fBMiS^Ci£:^S^cjS;D. ^n^^mm^^ 
cti>x^i>o miiL^tLx^m^U. Fy^^;u^'^x 
20 y^>. F yx^;b5^x:7 F y :?'^;^;^x:7 
F y :7:tx;i.;t;xr7 ^ F y X F y 
x:7^>. Fyx(2. 6->^-^f^;U:7acx;i/) ;t^x:7 

;l/3^x:7 >/^>'fe*>~3 -x;l/;^>M 
t^Fy-i^A. tfx (3-X;l/>J^:^- F7:i:xji/) ?^x:7 
^^>-fe'>:F F y •i'A^. 1, 2-bX {^;?*7j:xjI/ 
*;x:7 ^ y) xi§?>. 1. 3 -b'x (5^:7:11 jz-;i/;tixr7 
-<>^) :/p/\->, 1, 4-b'X (>?^xx;l/:^^x:7 
:/i^>. F yx (3 -X;l/^:^- x-n.;!/) jJ^X 
^ F y •:7Am^cD*ffifcJ:o'^ffi(D3a*x:7 ^ 
30 F yx^;U4^x:7T>f F. h y ::^^;l/3^x:7 r ^ 

F. Fy:7xx;U;^x:7T-r F. Fyx(2. 
^;b:7xx;u) ;^X7 r F^CDffiy >MxX7^;l'S. 
F y :7x::i.;l/y ^;U;^X;^^»:;A3->? F. F y:7:t:x 

?;U;t;X;t:x»i>A:/p ^ F. F y :7 ;t x;i.^ 
XsJ^X'^AtS'P^-^ F. F y >^:cx;^Ty.^^^^X^x•> 
A3-t>F. F y :7a:x;i/r y ;l'?f:X^jr.»5A:/P ^ 
F. F y :7x::i;l/Ty;l'3^X*:x'i;A^P^-f F. F 
j:x;l/.-jNXj^x»i;A3— F. F xr.;bd^x 
j^x»5a:/p^ F. F^:7 jix^i/z^x^x-i/A^P'^ 
40 F^(D3i^Xd-^x»i;A^ffl. y >® F y >' :t xjb, y> 

^Fy^^^^K y>^Fyx?^;i/, y>KFyry;i/^ 
cDy >Kxx^;i/ffi. ^>v^xFy;i/. r-feFxFy;i/ 

^(DxFy^bS. T-f2^Jl/T'feF>^CD^F>a. Zy^ 
P^>^S^x>, ^>^?y ^JUV^P^>^t^x>, 

1. 5-->^P:*-i5'dr>^x>^(D>^X>S. fc-yi^>. 

2- b*ny>, 3-b''ny>. 4-'b'ny>, 2. 2- 

fcTby^:^;!/. ^-b*ys;^>. i. i o -:7 :c:^> fp y 

8-b FP^^^'+^^y t*X:t+1fv^yx;l/b*y 
>^>(Pybox). 1. 4-iy^^JV\:::yV-JV. 
50 1. 3. 5 - F y^^Jl/b-'^V^-^k b"y^S^>. \^^y 
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[0046] lefii^^Ottfflai UT«. SM^^^II 

j^JSfcMl/T. a^O. 1 ~ 1 0 0 0 0 -tJL-^CDffi 
H. J(f $ L. < » 1 ~ 5 0 0 0 ^JU^ODliH^s^C^ 
C 0 0 4 7 ] *jS5cSJS<!: hXlt. -M^b^l^HSt* 

[0048] -m.itmMtifcia.-m.it^^'^mr^ij 

X5rfflt»SJS^. ^©-SJ<bi^l^^BEiU-C«0. 0 0 

1 ~5 OMPa, I^WfC«0. 01~20MPaCDI£ 

i L/T»JSJcBk:ia«H#L/^cii^>©-c*n«« 
iL/TttO. 0 l~50MPa, i(f*b<«0. 05~ 

3 0 M p a <Dmh<owmvmx:-t ^cttmitiyKK 

[0049] mjUt. iKf£:«:fflc»2.SW^©^t5( • il^ 

-Jl/i?:/5^;l/x— f-;U. i;'x^u>i^y3-;l/i?y?^;U 
X— f-'l'. i?xg^U>y >; 3— — s;? 
x5^u>i/>;3-;i/i?:/5^;i.x-T-Ji/, hyx5^b>i/ 
»;3-;Wi?y^JUX-7^Jl/. 1, 4-i^:t+-9->> TX 
y— ^u^fcox— f-^Pffi. j-*^^'— ju. x^f^-^i/. 1- 

Ay— yg^;i/-feay>>U:?'. x5=-;H2 0v;i'y. i - 
:/n t;u-fenyjU:/> i;>x^u>i/U=i— jb^y'y^jb 
X— f^^W, S/x?-u>e/>; 3— ^u-tyxg^jl/i— ■ril'. 

>5=--il'X5=-;l'-5^ J->. SPx^'Jlz-J'- F->. 2-^> 

^^^I'S^i'P-^^^lf^. :l-i'if>. fioiym<r> 50 
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PX:5r>, f-h^i'PPX9'U>^©>'>py>'fk^'(b7K 
-<>-fe*>. hJl/X>, +i/U>, e'PP^^-fe' 
o -i^i'PP-^^-fe'^. m-i?i'PP^>-fe*>. p 
-i?i!'PP^>-|f>. xhP'^;>-l^>, f-h-5tFP:^ 
7 ^ >l?©^#i^^^b7k*ffl. THz hx h :7'p 

ypf*>Kx5^;U^(Dx>^f^ji/5S. 
N. N-iJ^^^Jl/sfiJUATS K. N. N-i?^?-Jl'T-fe 
hT5K> N-^5^;UfPU F>^©T5 H®. 1. 3 
-Vjt'^)i"< ^^:/Vi^yZy. N. N. N' , N' -7" 

3-fc;3';>. 4-f3'J>. 5 -x?-;!/- 2 - "J 

* /t«ffl^-a-r ^-eif s, 

[0050] *JSJE;tt. (iJEl^aBUgj-Cff i& ^ c i*s-c 

^Mtfci«^©««)^j:fia[ffiffli L-r«. ii^5 0-4 
0 0 'C. If iC 1 0 0 ~ 3 0 0 •C©®H-etf ^£ -5 C 

[005 1 ] ]sc&i^m». m^^^mmm. jsie 

SS??{cj:i5S^c5*^ iiSWO. l~20^m. nt^ 

L<»o. 5~i oi^ra©iBfflm7-r-5<t5ic. 

[0052] *JgJt>*ll*S-rSff^«l<b tr«. h i' 
U-^^©ttIEBSft.SS*fflt,^2>C<bj&i»* sjt; 

ig^3-^*/cwaits^©f5in-r*,iiifeoitgT'*»). js 

)t:(cj;0*Js66ns»»©?SS> lE^b*. ^^^tcJ: 

[0053] KjmTmi.. iii>mic^^mm^^^i^. 
{effect o'xKi o j&i^^^ Jn^ t:^:»{c?5fe^f^. 

[0054] 

[005 5]##««I1. 4- (2 -X hp:/p-^>- 1 
--r^u) - 1 -y;i':l-P'<>-fe*>©ijjg 
xhpx^f>6 Om 1 K:4 -7;^3^p^>XT-'^7'b K 
2 4. 8? (0. 2*jU) *iJ:0*'^>S^Jl'T5>4. 2 
g'Srmr^ S^frTfC4B$paJSj£3-a-:fc. JSlfef^. 
jl*J©j^hPxif>^:jSBET(C@*iaj|XL/. m&^J^-^ 
y'~}V^mi^rw^^-ri>ctix:^*}. 24. 5gr®4 

- (2 -X hD^^'P-O- 1 -'TJl/) - 1 -y)V:tX:t^ 
^: 67%) , 



u 

C0056]#^t«2. 4- ( (Z) -Z-c^hUZfU 
1 --f^u) - 1 -y )V:i-u-^>^y(DWt 

0^mi-C^Ofc4- ( (E) -2 hD7*Cl-^> 
- 1 - 1 -y}l'tU^>-^> 1 4 00m 

A : -v+-9->= 2:1) -C^HtffiSfLT. ^S^b^* 

6. 7 6 gff/t ('HNMRX'^^ IE 10 

[0 05 7 ] #^0!|3. (2-:=^ har/O'O- 1 

hi^f>l Om UC'^>XT->l^rt K2. 6 5g 
(0. 0 2 5*;u) *jJ:o*'^> injurs >0. 5 3e^ 
®«^ftT«:8i^iaS(£:3-e/c. SIE^. ®«I 

-'U^rfflC^rfljS^-r^CitcJ:^, l. 45g©(2- 

ff^nfc. 20 
[0058] ##«ai4. 1 - (2 --bn:/a-<>- 1 

r.hni^f>i Om 1 icA-jt h XT Jl/f^t F 
3. 40 g (0. 0 2 S-tJU) *5J:il>'-^>i?;l'T5> 

0. ssg^ftn^-c, 3iiiS^T(c4ifisrasf5$-a-yt, 

mmk. )tfJ©^hcix^>5rj«JITiCg*|51i|Xb. » 

h + ■fe:> i t -CIS ^ n/c, 

[0 0 5 9 ] HJi^ail . 6 -7;U:tP-2 -^5^JU-Y^> 30 

F«3^S1 0 Om 1 h^l^-::/{c> i 

-7JU:i-a-4 - (2 - — hP7P'^:>- ^ 
>i2>l. 8 1 g ( 1 0 5 y-t^U) . >'3A;H-:i-i':Jf 
*;U^j:.;H!B«1 7 1 mg (5. 0 ^JV^ ) *J J: 0« 1 . 
4->=:*-+1f>4 0m l*{±)ii^. -etDf^lMPa©^ 

4MpaBEAL.. tmVtHlfihm^^l^X . SS2 0 0-C 

7;l':i-p-2-^^JU'f> K-.)l'*i3 0. 5%<DJR^r 

[0 0 6 0 ] Il)ite0il2. 6 -7^l':i-n-2 -y^^^b-O 

rtS^fil 0 Om 1 ©X5^>u:;^^:i-- hi;u-:/{c. 1 
-r7;U;i-p-4 - (2 hP:7"p-^>- 1 --c 
>-b*> 1 . 8 1 g ( 1 0 S U^Jb) . ^>iiti)V7i<^)V 
^Mjfii79mg(4. o-t;i/%) fcctiy^'fy ;^>4 Om 
1 ^rfliii'^. ^©1^ 1 MP a©M^{crj5Jt;^^|^^ 5 (a 
SSI U/cf^tC. -KYbi^:</X * 4 M p a EA L . «J¥ 50 
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l/**i6SSU-C. jafl[2 2 0 -CtC-r l iNfHIiStS^tf 

-r> 2%®iR^T?#6*ari,»fc, 
[OO6I]||JS0«3. 6-7Jl'3i-n-2-^^Jb-Y> 

ft!lSil46mg (4. 0^iU%) «:f^;^fcJWi1-«^<ll 

P - 2 - p< ^^^l/-/ > K--'U*i3 9 %<Ol^mvnhtlt:{,^ 
tc, 

CO 0 6 2 ] Ili6{^4. 6-r7;l/:i-p-2-^5^;l/-<> 

ft!B«2 0 Img (4. 0-t;b%) {CR^fcJSiWi^<I^I 

P-2-y5^;l'-r>K-;l'*i3 8%<DJlX^-Cf#6nTl» 
fc. 

[0 06 3] 3ISSfi»l5. 6 -7Jl/:tP-2-^5^;l"r> 
hP 1 4 4mg (8. O^r^l-^) gSJnU/c 

6 1 %©4x^-cf#6nrc>/c„ 
Il;te{fd6. 6-7;i'3f-p-2-^5^;i'>r>F-;KD«jt 
|g|6t?!|2{cteti-r. JS)cS*«:B2fiE^t LT 2 . 2' -br 
f 1 2 5 m g ( 8 . 0 ) 

[0 0 6 4 ] 3IJ60!|7. 6-y)V:tU-2-jt=^)V-{ly 

II5SW1 tC*5C»T. fflC^^g^^ Ff'^i^/Jl/^K-^UH;!/ 
v^^'i/Aj!!l[«2 5 6mg (4. O^-il/Ji) . mm^hJV 

x>4 0 m 1 (,cR^fcimit±<mm<D. mi'^tum^ 

ff-^fcig*. ^MtLXBtil^t-r^6-y)V:t}a-2 
- ^ > F - 2 6 %©iu^-cff e> nr I ^ fco 

[0 06 51 SS6te0il8. 6-7;l'3i-p-2-^3^Jl'>f> 
F-;K7>Sfj§ 

j|SS{^7(c*5(,i-r. J5{fe«{C3 6{cBEti[^iLt 1. 1 
0-7x:^->hPi;>l 44mg (8. O^JV%) 'S:m 
*nU. f§«l4rl. 4-i;:*-+-9->4 0m Ucn^fc^^il. 

a ^-S 6 - 7 P - 2 - ^ Jl/ -Y > F - Jl/*5 5 8 

[0 0 6 6 ] ||Jfl0l|9. 6-r/Jl':*-P-2 -jrf^^Jl/'f > 

7^ni?>?A^ftBSi2 1 3mg (2. 0*;U%) icVi^ 



C8) 



13 



[0 06 7] Slifet^ll 0. 6-:7;l.:i-p-2-^^;l/^ 

iefe0H9tC*5C^r. mi^i>9m:^t^ ^ti)V:^^:^)\^IL:=i 
^^'^l/hftftiil 3 7mg (4. 0^;l/%) tcf^^/cfeli^f^ 

S^ji-r-S 6 -:7;l/:ta- 2 -^^JU>r > K-;l/*S2 1 % 

[0 0 6 8 ] l|]Ste««|l 1 . 6-:7;U:^-ti-2 

[0 0 6 9 ] 2. 4. 6-t;^:7;l/:tP>f>F- 

S|]fe0il2CC*5l^r. 1^5^*2. 4->?:7;l':ta- 1 ~ 
(2-::.hnfcfr:;l.) -<>-fe*>l. 86g (10^ y-t 20 

{001 O'lmmi^. 2-y^;l/>f>K-;KDt3J^ 
^^2ccfcc^r. i^5f4* (2 -^hpyp-^>- 1 - 
^>-if> 1 . 6 3 ( 1 0 S y^Jl/) Ccftx./cJ£{ 

[0 0 7 1 ] ^JS0«1 4. 6--^ h + ->-<>F-;l/CD» 30 

||j5te0ll2(Ct5l^r. Mf4?rl h + >--4- {2-:^ 
hat:'::-;U) ^>-if> 1 . 7 9 g ( 1 0 ^ y-tJl/) (C«; 

[0 0 7 2 } 5. 6-^5^0^-2 -^^;l'-r> 
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P:7'P--c>- 1 ^>-fe'> 1 . 98 g (lO^y 

^rtfofco *<D*§m. aag^-rs6-^pp-2 ^ 

[0 07 3 ] HMt^l 5Jicl^U3 BCD^ff^S^'^S^tCO 

lfefi?(ltc!SiD^>o ;®ai(Dfi»^r 3 Om 1 ^^^cdib-^ 

i:.l - >';l/:tP'-4 - (2 hp:7'a^> - l ~ >f 
Jl/) •^>i2>0.543q 

li: l->^^;l/-4- (2 hP:/P^>- 1 

^>-tf>0.532q 
III: (2 hpyp-^>- 1 ^>-fe'>0.489 

q 

IV: 1 - y V^U-A- (2-::- hP:7'p^>- 1 - 

^>"tf>0.580q 
v: I -{PUU- A- (2-:::-hP:7*P-^>- 1 
>0.593q 

VI : 4-7;l/:i-p- 1 - (2-^ hP - 1 -'zf'rly- 1 

--Y;!^) '^>-lr>0.585q 
a: FeCCO)s'^>^:^>^l'^K-^^^23.5mq 
B: [CpFeCCO),], (>'^P-^>3?5;^j:.:^;l/e^:^;l/ji<j:.;l/ 
) 42.5rnq 

a: 1. 1 0-r7:c:^>huy>l:7Kffi1?547.emq 
b: h^^^;l/X^L/>S>T^ >27.8mq 
c: VU>f >K^^>»l'XX'f';l/54.7hiq 

e: :7:n^;l/T*fe^U>49.0mq 

f: h U:7:<:j:-;U;^X:7 >251.8mq 

[0 0 7 4] 
[it6] 
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